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13 n M G a N ^^mi^M ^ p M G a N.^.4^##® "C^ t ti/i G 

/iMgzZni_zO (0^z<l) «ffiM=^#x.^^^fr^7l&*^-o 

[ffi*:^ 2 3 mriE n SJ G a N,^.^2»#gX(i mTlB p M G a N^^^^^if t^m 
?jfL^tt#&i-^#JK«M^#x.. HtrlSG a:*^>^--7°$tV7t:Mg z Z ni_z O (0^ 
z< 1) mSM(iMfenMGaN^.^#^^X(iBufepMGaNm¥#fr«t^ 

[l*m:^3 3 mrfSnMG a N.^.###:SX{iiifIEp MG a N^^##:iitim 
it^^^-r-ij^^m^^^x.. it^JlliMi:HtrfBG aTi^^'-y^tLfsiMg z Z n 
1_2 0 (0^z<l) «®Mi:{iP^L. /&-o^#sm^:5.WfeG a/6^'K-y 
^tLfcMg z Z ni_z O (0^z<l) S^MtiHUlB n MG a Nm#«#^iiZ(± 

[lf*«43 t^fieM g z Z n i_ z O (0^z<l) mSH^OG a O K- kf 

> VA:f)^^ ^ T^^ffi 1 X 1 0 1 9 c m- 3 \^X±^ 5 X 1 0 2 1 c m- 3 J.:JlT-e 

[0 0 0 13 

[l|B^<7)Mi-^IS#f55-if3 

G aN^.4^S#e-e«^$tL^G aN^^i»#:M^T-tCM1-^o 
ailt?*^tC'ffi;jX/iGaNm###^^^#i^tCM-r^o 
[0 0 0 2] 

G aNm4^^#gtr«^$n>i>G aN^.###l§7fc^?-(i. SfeLED^^^ 
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mn. 2 0 0 3 -0 3 4 3 6 6 ^- v I 2/ 

nLX. nMGaN ^.^mi^M h mir:^K p M G a N ^.#2i#« -/j-h^^- 

[0 0 0 33 

T^-;vL-C^^'fb-r>i> ^<7)-e^^o N i /A u t <7)ittStn:(i/h? 

[0 0 0 43 

ttz^ WmjL%Lm\Z I TO (Indium Tin Oxide) «Mm^^^i-'2>:^j*^!SS 
^tL-Cv^/c #it:Scmi#H3o ) o GaN,^.^#^l&^^T-tclTO« 

M^^^ML7t^J^IEI6 lC:^-to 1116 t;:l3V>-c. 5 1 fi^^m^, 52{iITO 
mmm. 5 3{ipMGaN.^.^2i#:e. 5 4(i#&7tli. 5 5 {i nMG a N.^.^# 
W'M. 56(±#M«M> 5 7{i-9-7T^-\'^«-e*-&o I216-e{i. -^-^T-r-V^ 
«5 7±<7)nMG aNm###^5 5 p MG a N^.#S#:® 5 3 i:-e^Stifj 
llTfe^ 5 4 -e|&5fc-r nMG a Nm#^^#:® 5 5 ^<DWm.m%%\t^mnM 5 6 
=^^^^LT^f^o pMG a N^.#2»#® 5 3 -^OWitttl^fi^^mfe 5 1 i: ITO 
m^MS 2 t^^LX'ii^o 
[0 0 0 53 
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tL'^<^^o I TOm^feMt nMG aN,^.^##:;i. XtipSGaN^ 

[0 0 0 63 

^i>^^tiX\^^^ (Mx.{f. #^:5:m2#BBo ) o -tL(±, ZnO^nMGaN 

XltpMGa N^.^##:© <^®i!fetr:t - ^ y ^ mmm% hfi^Z 

[0 0 0 73 

mff^xm 1 3 

#r^2 0 0 1 - 2 1 0 8 6 7^^# (m (2) M-m (3) ^im) 

#^2 0 0 2 - 1 6 4 5 7 0-^<Zr^ ( 3 ) S 1 El) 

[0 0 0 83 

[0 0 0 93 

^^±m^X-h-oX^ G a:^^V--f^fifzMz z Z ni_z 0«SM^flx^^2i# 
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■^TMg z z ni_z ommmt nmc ai^m^mi^m. xupmosii^^.^^i^. 

^M-eti. G a N^#2»#:® ^(i. InpGaqAlrN(p + q+ r = l. 
p^O. q^O. r^O) =^^^^< i:^ lg^&^tr#^'^#«5rV>^o 
|0 0 1 03 

m»fL^^^&-r^^^«S=^^ix.. HiffEG a;i>^^K-7°$tL/;Mg z Z ni_2 O (0 
^ z < 1 ) mmmnmUnmG a Nm^^#^iiX{iB>lfBpMG a NM#S^« t 

[0 0 113 

^II^H<7)|§0J(i, mriEnMG a NM^2»#:eX«±Htrfe p MG a N.^.#^#:]i 
tC«ijtL^mi&i-'2»^JRmS^r^x.. ig^JK«Mi:BuSeG a 7°:^ *l/cM g z 

Zni_zO (0^z<l) m«M i: L. )d-o^#JS«;^:?5. WIE G a 56-' K 

-T^^ttfcMg z Z ni_z O (0^z<l) mSMWfS n MG a N^^.^^^^ 

:2^MIIH<7)|§BJtCj; 19, Mg z Z ni_ z OmMM^<7)^»K^^^^^^tC-f C 
[00123 

«^l2g<7)|§§g{i, HtflEM gzZni_zO (0^z<l) mmm^(D G a <7) K 

- iiy^m-^^^^') rmm i x i o 1 9 c m- 3 5 x 1 0 2 1 c m- 3 

^mmm(OmmiiZX Mg z Z ni_z 0«^M<0^J;L^^i^ii'^$-li:'^«lt3i>^^ 
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[0 0 1 33 

m—<7)mm<7)fm'km i tc^i-o m i nisv^r^ 1 1 it^mnu. 1 2 aMg z 

nO«aM. 1 3 (ipMG a N^.4^^#:^. 14lt§t^m. ISfinMGaN^. 
[0 0 143 

^<7)J:^^G aNm4-##^7tmT{i> ^1"% 7 r ^ 1 7 <7)±Mi;M 
OCVDm^j:t^KX^ nMG aN^i###:^ 1 S^ff^^f^o nMGaN^>4^^ 
1 5(inMG aNi:G a N/<-y "7 r^trii^-r^ - ^/O^^M-C^^o nMG 
aN^^##:®l 5(iEL0 (Epitaxial Lateral Overgrowth) t:S^LT^J: 
v>o nMG a N^.^l^ig^:^ 1 5 0_L®tC|&^® 1 4 ^ff^^-f^o ^itm 1 4 (±. 
InxGai-xN (0^x<l) Xli^RrfA 1 yGa i-yN (0^y<l 
) 7ji^^>S:^o tTt:. 1 4 {±. I n X G a 1 - X N/G a N (0 ^ x< 1 ) 

X-l ntG a tcDitm^m^LX. XiiA 1 yGa i-yN/GaN (0^y< 

1) xAi tG a t(Ditm^m^Lx^mmj-^pmmtLxi>x\^^o ^^^^ 

I npGa qA 1 r N/'G a N (p + q+r = l. p^O. q^O^ r^O) 
In^. Gai:. A I t(Ditmim^LX^mmJ-^pm^t LX i> X^^o tfz 
. ^±mi 4 60nMG aN^^^#:^OlBljllnMA lyGai-yN (0^y< 
1) :a-^^^®*i^lt-C^ <tv>L. l&Tfc^ 1 4<7)pMG a N^.^^^^ScoHinip 
MAIyGai-yN (0^y<l) ;6-'b^'S^^ISltT4) iv^o 
[0 0 153 

•^tc. H^t^ 1 4<7)±®tipMG aN^###:^ 1 3 ^ff^fiKi-'i>o pMGaN 
^^^mi^m 1 3 <^_L® i;. G a K- flfzM gzZni_zO (0^z<l) 
75^^^>2>Mg Z nOm^Ml 2 '^ff^^L/cf^tc, Mg Z nOK^Ml 2. pMG 
a N,^.^#^ll 1 3 . ^Iftm 1 4 . RXfnmC a N.^>#'^#:;S 1 5 (D-U^j:. y 
^yyi^zja ^m^ir^o nMG aN^^##ei 5 ii® (7)^4' i "Cj^ ^ > iJ'* L 
^HJL/inMG aN^#^#:® 1 5<D±miZ^mnmi 6 MgZ nO« 
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Xli. l§7l6S 1 4(7)±MtCpMG aNm^z»#:^ 1 3 ^ffML/cf^. pSGa 
N,^>###e 1 3 . ^itm 1 4 . RZ/nM G a N,^4^i»#® 1 5 <7)-gp^ai -f- 

. pMG aNWi^mi^mi 3<7)±miiZ, G a5&^K-y^ttfzMg z Z ni_z O ( 

0^z< 1) /^^ib^^Mg Z nO««mi 2^fM-r^o StbL/inMG aN^. 

1 5 <D±mi^z±mmm i e^. m g z n ommm 1 2 

[0 0 173 

BUiiOMg Z n OK^Ml 2(i. Ga203<bMgOi:Zn 0<7)^^i^^^L 

L r L . m^ti R F ^ V * ^l- -t ^I'Xm^ir i> 'm^mzM 
m'{kx i> B^i" h:it :d^x ^ ^ o 
[0 0 183 

1-«rL— mi±#tt-e^ ^ o z n o M ti^T-H-x. If ^ V - -^-eff^^ L fcf^. T ^ 
-;i/-t^^i:^< :t-^ h tiTv^^ ^ <!::^st)yi>^^o MgZ n 

0{iitigm^M<7);|=tf|.t LXitm-r^^t7:)^X^. ^f>icz nOIWJ^lCpMG a 

[0 0 19] 

^H^^ii. Mg z Z ni_z OtCG a ^ K-7°1-^^<htC<t i9. ^ipltc 
i£i)L:6^Mi!'^-r'2>-^^l.mLy::o IiI3tl. Mg z Z ni_z OtC^-r^G a<0^^ 

ioi)-^o m:m.^W:%L-t^tz)sb(DmMtLX. G ai3^Y~y°^ii.fzMz z'Z'^l-z 

o (o^z<i) i)^h^j:hnMM^mm-^h^^<Dmnm^t^ ixio-2ac 
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1X10 19 cm-3j,:Jl±, 5X1021 c m- 3 J.:JLTT'^^ i <!: Tj^'^ifC^^I) 

o ^(OX^^j:mi^'^'f^m^fifzMgZ nOmmmi 2<Ditmmi. pMCaN^. 

^mi^m 1 3 (Ditmn.i>zit^x4^^^^fzit>. m i tc^-rc a n^^^^^^^^t- 
T'fi. 1 1 ^^h'i^x^tifzmm.itM g z n om^ni 1 2 T*#:^i6]tc## 

[0 0 2 0] 

^mum 1 6 ;i-^viA^ttfc«T-{i nMG a Nm^S#« 1 5 ^M^L 
1 4-e4^-;PiSIS'^-r^o SlS-^lli t^l&TfcL/i^co^ pMG 
aNm#^^#:e 1 3C0:^(6ltC[p];^^o/i7l&(iMg Z nOmSMl 2 ^ititLT^fR 
t;mM-r'i>o ^iT% Z nO)^{±Mg trY»i-^C:^m:oT4 0 0 nm^JS^O 

[0 0 2 1] 

$tL/::Mg 2 Z ni_z O (0^z<l) ^S'B^miMBi.!: LT-f^fflf ^ ^ ^ J: 

> ii^mmmi<zmtifz^^mw^±m^t-r^^t^^x^fzo 

[0 0 2 23 

■^^m<7)mi:-<r>mM<7)fmi:m4 tc^i-o n 4 tcisv^r. 1 2 (^m g z n om 

1 3 {ipMG a N,^.#S#:S. 1 4 1 5 (i nMG a N^^^ft: 

if. 16(i#mmM> 1 7 {i-9--7 T-r -V*^. 1 8(i^JSmMtr^^o 
[0 0 2 3] 

^-<0||M<7)^^,^.^ co^ti, #JSmM 1 8 ^^M g Z n OmMm 1 2 <D±M\zf^ 
^$^tL-r\ pMG aN^.^jf^ii 1 3<7)±®-e^oT. MgZnOmfeMl2tC 
l^^l-'g) id tcffM^tt-Cv^^.ar-e^^o MgZnOmMl^l 2 

. ^mwm 1 8 ^ M g z n owmm 1 2 1 (D^mmm-^^jj: < ^ 0 ^ ^mmm 1 s 
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h m-^ ^fifz^^~ g z n o mmm 1 2 ^mi^i^ izitwc-t ^ o 

[0 0 2 43 

llI4lC^-rGaNm#^#:|§^^T-{i. Ht^S 1 4 <7)JiMtC p MG a N,^.4^2» 
1 3 ^rfm-r^t-Cii. m 1 li^-TG a N^^^ftllTt^^^ |5l«OXfI-e 
m^^ti^o pMG aN^^^#^ 1 3C0±®tC. G a K- T'^ ;MfcM 

gzZni_zO (0^z<l) ^^h^^^MgZnOmmmi 2iM^Lfzmz^ 
MgZnO«@mi 2. pMG a N,^.^S#:ii 1 3. 1 4. :5.(^^nMGa 

5(ig(7);^4'STi.v^>^*-r'6o 8 MgZnO 

±®tc#«K® 1 6 M g z n omMM 1 2 <D±m^z±mmm i s ^^^-^^ 

Jo 0 2 5] 

X{±. 1 4(7)±Mt3pMG aN^^^#^ 1 3 ^ffMLTtm. pSGa 

N^.4^2f#:Sl3. I§7t^l4. S.t/nMG aN.^.^S'ft:^ 1 5(7)-g|5^i,y^ 
>^*ICJ: i9l^*-r^o nSG a N^.^##:S 1 5 {±® 03^43^-^0:- >y^>i^-L T 
. Sm L/^ nMG a N^.#^^^ 1 5 OJiMli^JimS 1 6 ^Mmm'^^^'^y ^ 

mx-iim-tho pMG a ^^.^mwm 1 3 oiMtcti, ^mnm 1 s 

:5'riT-?f:^^-r '?)o G a7{)^^K--7°^tLfjMg z Z ni_z O (0^z<l) 
f^j^^Mg Z nO«femi 2 (±y^/^°-y :t > -7° 1/ - 7^ ^ > i^iS . ^^'^-e 

?fMi-'2>o ^L<(i. nMG aN^.4^S^« 1 5 {igcO^ff^-eJ^y^^i^'LT 
. G 2Li)^Y~-f "^iXfzUg 2 Z ni.zO (0^z<l) j&^^^^Mg Z n Om« 

Ml 2 =^r;^/N°-7 4 ty-f'i^-y^ ^ y^^m. mmiir-MJ^Lfzm^. M^L 

fznMG aN^^^mi^m 1 5 <?)±MlC#^mM 1 6 pMG aN^>###:® 1 
3<7)_h®lC{i. MgZnOmSMl 2 tCP^LT^JSmSl 8 ^-e-tl-PtL^^ift 

[0 0 2 6 J 

llI4tC^v>T. Mg Z nOmSmi 2 0Jt*m{±. pMGaN^##^ei3 
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[0 0 2 73 

-■7°^nfcMg z Z ni_z O (0^z<l) ^jiiB.gm^M<i: LTjMi-^^ tic 

^mim. Bim^mizmnfz^mi^§^itm^ti-^z.t:^^r-^fzo 

[0 0 2 83 

3^||H^OSH<7)^M<^ff^S?<^El 5 tc^-To H 5 tcisv^r. 1 1 (±#««S. 1 
2{iMgZnO«^M^ 1 3 ti p MG a N^^^-f*:^. 1 4 (i^^il. 1 5 (i n 
MGaN^4^^#^> 16{i^JimM> 1 9{i*mtt^«-e^>2.o 
[0 0 2 9] 

a N^^##:e 1 5 . ^itm 14. p MG a N^.4^2g^^ 1 3 $ tiT^/^ 

hj^X-hho 2imtt*«l 9 t LT(±. S i C^Z nO;6^'iiffl-ei^o 
mi 9 ICS i C=^iifflL/iJ#'^<7)^Jim® 1 6ic(i. N i i S i rnxf ^ig 
ffl-t?i^^o Smtt^lSl 9 tcZ nO^iifflL/c^t-g-co^SmSl 6 tc{i, T 
A u »^m€yi»^^iSffl X^^^o 
[0 0 3 03 

111 5 IC^-TG a N^^^#:|&7tm^{±. HI 1 tC:^t-G a N^^*#l&**?-t 
|Bl«OIfIt:\ 1 9 ±H nMG a ^^.^mWM 1 5 . ^tIc® 1 4 . p 

MG aNm^*#/l 1 3^/6^^«^$ti,^o lit. *mi4»« 1 9±tCnMG aN 

G 2il^7h^m'^§kim^<D±.Ui)^h^y^y^^LX^ nMGaNm*^#:ll 5 
[0 0 3 13 
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e^^^to^^tglc^Sr^o ll^fc^l 4T-|&7l6L;^c^(iMg Z nOm^Ml 2 
[0 0 3 23 

-•/^tLfzMg z Z ni_z O (0^z<l) LT^ffl-r^- tt:: 

[0 0 3 33 

mmmm 1 2^c^'2 -eti. -^^-^ r ^ -ys^ 1 7 (^±Mtc g a N^.^mi^mm^- 

f^7fc=^nMG aN^.^«#:®;*-<b^i9tat-«3ttC-r^Cl<h^)-C#^o t/;. ^150 
^^-fb^^Oitl. iI'-^< t ^ pSG aNM^S^^^ii. §t^mt^ nMGaN^. 

[0 0 3 43 

J: 9 ^«ii<^4^«#:^7fcm^-e{±. nMG a i^m^m^m<^±mK^mm 

mmmir^ C t tC^t^o nMG a N^#^^#:^C0±MlC^Jl«M=^ffM-r^« 
ji<7) G a N ,¥.#^^#:^7fc^T--e {± . n M G a N ^.^S'ft^^ O ±M G a K - -f 

nMG aNm^##:ilti^L-C. t&^oG a:a5'K--/$tL7tMg Z nOSMMt^l^ 

G a N^.^ag#:^f^^LT^ iv^o 
[0 0 3 53 

nMG aN^ii^##:^<0±MlCG aj^^^'-y^tLT'cMg Z n Om^gM^rfix.^ 
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G a N^.^##|§^^i^r-^>. G a^^^^K-T'^tLT^iMg z Z ni_2 O (0^z< 
[0 0 3 6 J 

H^^T-ti. G a:^^>^-r$tL7t:Mg z Z ni_z O (0^z<l) ^^^H^mM^: 
[12133 MgzZni_zO tc^i"^ G a ^ ^ U Tj^jftJ^ t ^gtjLi|JO^m^:i:^M 

m 5 3 ^mm<D§^m<7)mm.fm^7r^'r g a Nm4^*#ii7fc*^-<7)«i£^gi0^ 
1 1 : ^Jirns 

12 : Mg Z nO«MM 
1 3 : pMG aN.^#^#:^ 

1 4 : §titm 

1 5 : nMG a NM###:^ 

1 6 : ^mmm 
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1 7 : ^yr^-^&m. 

1 8 : ^mnw. 
1 9 : mm^±&m. 
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^ytm^X^-oX. G a75?K--/^tL7tMg z Z ni_z O (0^z<l) HSM 

[siRm] m 1 
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mM'U ^M^iS 0 0 9 4 

i'^ma ¥^15^ 2B 1 3 B 

[JlthB] ¥^15^ 2B12B 
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